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Abstract. A sufficiently thick and dense flaring magnetic loop is shown to be able to support
global sausage magnetoacoustic modes. The oscillation period of this mode, calculated in the
straight cylinder approximation, is determined by the length of the loop, not by its diameter,
as it has previously been assumed. For the existence of this mode, the ratio of the loop length
to its diameter is to be less than about a half of the square root of the density contrast ratio.
This mode has a maximum of the magnetic field perturbation at the loop apex and nodes at
the footpoints. We demonstrate that the 14-17 sec quasi-periodical pulsations of microwave
emission, oscillating in phase at a loop apex and at its legs, as observed with the Nobeyama
Radioheliograph, are interpreted in terms of the global sausage mode.

1. Introduction

The MHD sausage mode of coronal loop has been used to interpret periodicities in
the range 0.5-5 s, which are usually observed as modulation of coronal radio emission.
The estimation of the periodicity has been based upon the assumption that the period
of the sausage mode was determined by the ratio of the loop cross-section radius and the
Alfvén speed inside the loop (see, e.g. Aschwanden 1987).

It has been pointed out by Roberts, Edwin & Benz (1983) (see also Edwin & Roberts
1983) that the estimation could be used for higher spatial harmonics only. Unfortunately,
the consequent papers usually did not mention this crucial restriction. Also, this estima-
tion could not be applied to the period of global sausage mode.

2. The period of a global sausage mode
In the paper by Nakariakov et al. 2003 we demonstrate that the expression traditionally
used for the estimations of the sausage mode period

Foaus = 27Ta/CA07 (21)

(where a is the loop cross-section radius and Cyg is the Alfvén speed inside the loop)
was over-simplified.
The correct period Pggy of the global sausage mode of a coronal loop is determined
as follows
Pasm =2L/Cy, (2.2)
where C), is the phase speed of the sausage mode corresponding to the wave number
k=m/L, Cap < Cp < Cae, Cac is the Alfvén speed outside the loop. This mode
has a maximum of the magnetic field perturbation at the loop apex and nodes at the

653

https://doi.org/10.1017/51743921304007203 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921304007203

654 V.M. Nakariakov et al.

footpoints. In addition, for a strong density contrast inside and outside the loop, the

period of the sausage mode must satisfy the condition
2ma - 2.62a

joCao ~ Cao

Pasm < (2.3)
We would like to stress that expression (2.3) is an inequality, and that the actual resonant
frequency is determined by Eq. (2.2), provided (2.3) is satisfied. Combining (2.3) and
(2.2), we obtain that the necessary condition for the existence of the global sausage
mode is

L/2a < 7C4¢/2§0C a0 =~ 0.65+/po/ pe, (2.4)
so the loop should be sufficiently thick and dense.

3. Observation of a global sausage mode

The observational proof of the existence of the global sausage mode should be based
upon the determination of the oscillation period, the longitudinal and transverse sizes
of the magnetic loop, and the spatial distribution of the oscillation amplitude along the
loop. For this purpose we need an instrument that is able to provide us with well re-
solved images and a good enough time resolution. Nowadays, a necessary spatial (10”-5”)
and temporal (0.1 s) resolution is provided by the Nobeyama Radioheliograph (NoRH)
operating at the high microwave frequencies 17 and 34 GHz (Nakajima et al. 1994).

A good candidate for such a proof is a solar flare which happened on the 12th of Jan-
uary, 2000, and observed by NoRH at both frequencies. Melnikov, Reznikova & Shibasaki
(2002) found that the time profiles of microwave emission at 17 and 34 GHz of this flare
exhibited quasi-periodic (P; = 14-17 s and P, = 8-11 s) variations of the intensity, syn-
chronous in different parts (near the looptop and footpoints) of the loop. The length of
the flaring loop is estimated as L = 25 Mm (= 34”) and its width at half intensity at
34 GHz as about 6 Mm (= 8”). The loop is estimated to be filled by a dense plasma
with the concentration ng ~ 10’7 m~3 penetrated by the magnetic field of the strength
By ~ 50 — 100 G. The detailed analysis shows that all these observed parameters well
agree with the simultaneous existence of two sausage modes of oscillations in the loop:
the global one (P; = 14-17 s), with the maximum at the loop apex and the nodes at the
footpoints, and a spatial harmonic, with P, = 8-11 s.
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